Background:
Introduction
Perioperative hypothermia is associated with morbidity in general surgical patients (1) . Adverse consequences of even mild hypothermia include morbid myocardial events (2) , coagulopathy (3), increased transfusion requirements (4) , surgical wound infection and prolonged hospitalisation (5, 6) , prolonged recovery (7) and thermal discomfort (8) .
Perioperative hypothermia is common and results from anaesthetic-induced inhibition of thermoregulatory control, core-to-peripheral heat redistribution and the cold operating environment. Thus, preventive measures to reduce perioperative hypothermia with active warming devices have become standard practice unless hypothermia is otherwise indicated. The most common perioperative warming system is convective warming with forced-air currents or air streaming over the patient (9, 10) . Forcedair warming systems have consistently been shown to maintain normothermia, even during major operations (11) . However, in major posterior approach spinal surgery, thermoregulation of patients can be challenging. A large area of the anterior body surface of these patients is exposed to the cold environment of the operating room, which can lead to major heat loss. Forced-air warming blankets have been used to warm only the upper posterior part of the patients' body or the lower limbs. Resistive heating systems provide alternative types of warming blankets as they can selectively heat up different body segments simultaneously. Resistive heating systems have comparable efficacy to forced-air warming systems in maintaining core temperature during major open abdominal surgery (12) , total hip replacement surgery (13) and in heat transfer and core re-warming rates (14) . Unfortunately, in posterior approach spinal surgery, the resistive heating system can warm only the upper posterior part of the body and the lower limbs. The anterior body surface area is still exposed to the cold operating room environment. Thus, there is a need for a warming blanket that can provide heat to this part of the body.
Recently, a new full-body forced-air warming blanket was developed, which is placed under the body of the patient undergoing spinal operation in the prone position on a Jackson table. This blanket covers the anterior body surface area and the lower limbs. It transfers heat to the available anterior skin surface, which is normally exposed to the cold environment.
Therefore, in this prospective, randomised study, our aim was to compare the efficacy of this new under-body forcedair warming blanket with that of resistive heating blanket in preventing hypothermia in patients undergoing major posterior approach spinal surgery.
Methods
With approval from the Ethics Committee of University Malaya Medical Centre and with written, informed consent, we studied 60 patients undergoing elective spinal surgery. All patients were American Society of Anesthesiologists (ASA) classification I or II, aged 12-80 years old, undergoing spinal surgery on a Jackson table in the prone position with operation duration of a minimum of two hours. Patients with preoperative pyrexia, evidence of current infection, thyroid disease, recent head injury with disturbance of autonomic functions or use of vasoactive drugs, were excluded from the study.
Participating patients were randomly assigned to:
1. Forced-air warming group: full under-body forcedair warming blanket that covers almost the whole ventral surface of the patient's body; face, anterior trunk, both upper limbs and lower limb placed underneath the body ( Figure 1 ) with controller set to high temperature (42°C) (Bair Hugger ~ Arizant Healthcare Inc., USA) or 2. Resistive heating group: three pieces of carbon-fibre resistive heating blanket; one large upper body blanket that covers upper back and both upper limbs and two separate 'lower limbs' blankets that wrap up the lower limbs ( Figure 2 ). The temperature of these blankets was set to 42°C (Thermamed SmartCare OP system). Randomisation was based on computer-generated codes sealed in numbered opaque envelopes and opened upon arrival of the patients in the operating room.
A thin layered cotton wool was used to wrap around the four limbs of all patients as soon as they arrived at the reception area. General anaesthesia was induced with fentanyl 1-2 µg/kg and propofol 2 mg/kg, followed by atracurium 0.5 mg/kg or rocuronium 0.6-0.9 mg/kg to facilitate tracheal intubation, and was then maintained with sevoflurane/O 2 /air. All patients were mechanically ventilated to maintain end tidal CO 2 with partial pressure between 33 -36 mmHg.
A nasopharyngeal temperature probe was then inserted into the nostril with a marking of 5 cm at the patient's nose. A rectal temperature probe was inserted into the rectum with the surface marking at 8 cm. A skin temperature probe was placed beneath one of the axilla of the patient with both arms in a diver's position. All temperatures were measured with thermocouples, with measurements starting at induction and continued throughout the surgery at 20-min intervals. Ambient temperature was measured with a thermocouple positioned at the level of the patient, well away from any heat-producing equipment. Skin temperature was measured at the axilla. Core temperature was measured at the nasopharynx and the rectum and was presented as an average value of two readings at any one time. Both core and skin temperatures were measured as a function of intraoperative time, with induction of general anaesthesia as time lapse of zero.
The operating room had controlled laminar air flow with room temperature set at 20°C and relative humidity of about 40%. All intravenous fluids were warmed in a fluid warming device (HOTLINE Level 1 set at 41°C).
Patients were administered fluid according to this regimemaintenance of fluid with crystalloids at 7 ml/kg/h and replacement of blood loss with colloid at ratio of 1:1. The transfusion trigger was a haemoglobin level of less than 8 g/dl.
Demographic, morphometric and clinical characteristics of participants and duration of surgery were recorded. Blood pressure, heart rate, oxygen saturation and end tidal carbon dioxide were recorded at 20-min intervals.
To detect a clinically significant difference equal to 0.3°C in final mean core temperature, we prospectively calculated that 30 patients were required in each group, assuming a standard deviation of 0.4 °C (α=0.05; β=0.2) (12).
The distribution of data was evaluated with the KolmogorovSmirnov test. All intraoperative measurements were averaged over time at each time point among patients in each treatment group. Differences among groups were compared using the independent t-test for variables. P value ≤0.05 was considered statistically significant. Continuous variables were presented as mean ± standard deviation unless otherwise indicated.
Results
The characteristics and clinical details of patients in each group are shown in Table 1 . No significant difference was found between groups. No evidence of thermal injury was observed related to any of the warming devices. The baseline core temperatures in both groups were similar and did not significantly differ-36.36± 0.38°C for forced-air group and 36.27 ± 0.46°C for resistive heating group. Patients in both groups showed a decrease in core temperature post-induction of anaesthesia. In the first hour, in the forced-air group, the core temperature decreased by 0.41°C from the baseline, while in resistive heating group the temperature dropped by 0.59°C from the baseline. This difference was not statistically significant (P< 0.05).
Core temperature increased at 100 minute post-induction until the end of the surgery in both groups. At the end of surgery, the core temperature in the forced-air group had increased by 0.08°C from the baseline, whereas, in the resistive heating group, the core temperature had decreased by 0.40°C from baseline (P< 0.05). (Figure 3 ) 
Discussion
The forced-air blanket uses a warming system that depends on blower strength, air temperature and surface area covered to provide heat. The temperature of the blanket is controlled by a computer, which can be set between 32-42°C. The disposable blanket is designed to cover the ventral body area of patients on the spinal surgery bed. It is soft and radiolucent, thus accommodating intraoperative imaging.
The resistive heating blanket (Thermamed SmartCare OP system) is a non-disposable blanket with semi-conductive carbon fibre and low-voltage direct current to provide heat. Its heating ability is controlled by a computer that sets the temperature between 37-42°C. This blanket can independently warm several fields simultaneously. The blanket is made of semi-conductive carbon fibre and is therefore not radiolucent.
A thin layered cotton wool was used to wrap around the four limbs of all patients as soon as they arrived at the reception area in order to reduce the initial heat redistribution post-induction. The other reason for doing this is to avoid thermal injury due to direct contact of heat source, as a significant rise in temperature will be directly transferred to the patient with minimal dissipation. Burns have been reported with all types of heating blankets and are related to direct thermal injury (15) or due to device malfunction and inappropriate operation.
We have demonstrated that the efficacy of the full underbody forced-air warming blanket is superior over that of the resistive heating blanket in preventing hypothermia during major spinal operations lasting more than 2 hour. The superior efficacy of the forced-air blanket is probably due to the fact that it covered almost the entire ventral surface of the patients' body, whereas with the resistive blanket most of the anterior surface of patients' body was exposed directly to the cold ambient operation theatre temperature throughout surgery. The efficacy of active clinical warming devices is proportional to the available skin surface (16) and the design of the blanket (17) .
A possible limitation of this study is that we did not analyse the blood loss at the end of surgery. However, we do not think our results are affected by this as we had a standardised regime to administer fluid for maintenance and replacement of any fluid and blood loss. In addition, all fluids administered to patients were warmed up to the point of entry into patients with fluid warming devices.
Other studies also did not take into account the blood loss in their patients (18, 19) .
Our results are inconsistent with those of several previous studies that showed comparable efficacy of forced-air warming, and resistive heating blankets in maintaining normothermia during open abdominal surgery (13) and laparoscopic cholecystectomy (18) . Negishi et al (12) studied only eight patients in each treatment group undergoing open abdominal surgery with a forced-air warming blanket used to cover both lower limbs and resistive heating blanket used to cover one arm, chest and both legs. Matsuzaki et al (18) also studied eight patients in each group of patients undergoing laparoscopic cholecystectomy, with a forced-air warming blanket covering the upper body in the first group and a resistive heating blanket covering arms, chest and both legs in the second group. Thus, in these studies a larger surface was covered by resistive heating blankets than in our study.
We used the average of nasopharyngeal and rectal temperature as a measurement of core temperature. In other studies (13, 18) , tympanic membrane temperature was used as core temperature. We decided to use the nasopharyngeal temperature as it has been shown to correlate well with the temperature of the thalamus, which is the site for thermoregulation. Rectal temperature was also measured, as it was shown to measure core temperature accurately and precisely (20) . Therefore, by deriving core temperature from the average of these two measurements, it will best reflect core temperature of the patient. In addition, inserting an aural temperature probe into the tympanic membrane might damage the tympanic membrane, especially if it is inserted after general anaesthesia (21) .
In this study, we showed that the full under-body forcedair warming blanket is able to keep the core temperature above the baseline to the end of surgery, whereas the core temperature at the end of surgery with the resistive heating blanket fell below baseline. As forced-air blankets are disposable, they can be more costly than resistive heating blankets. However, due to their efficacy and the importance of preventing hypothermia intra-operatively, we recommend that the full under-body forced-air warming blanket should be used in spinal operations.
Conclusion
This prospective and randomised study demonstrated the greater efficacy of the newly developed full under-body forced-air warming blanket over that of resistive heating blankets in preventing hypothermia in patients undergoing major posterior approach spinal surgery. Our study showed a blanket that covered a larger ventral body surface area was better in preventing intra-operative hypothermia than a blanket that covered a smaller surface area. Thus, in future, various designs of warming blanket should be developed to cater for different types of surgery.
